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[0 0 0 1 J 
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[ 0 0 0 5 J 

S^fltrr^ 'L^LJ'^'*^' H^j«^6,SlS-,^i 

jo 0 0 6, CiWs) ^.j:,,;, 

(Capecchi) , Ceii, 5 1. 5 0 3-5 1 2 1 9 

USA, 8 6, 8 9 3 2-8 
«ffLTV>i, .s.-^^ (B,^^) ^^^^ 

6. 8 0 6-8 1 2, 1 9 8 7|l^.-;,^coAlWg|.fe 
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Science , 246, 641-6 46. 198 9i3J; 
Xf'/f^'y^^^'y (Brown Stein) Science , 2 4 
4, 1348-13 5 1, 198 9^IS„ ■'/^y' (Sakn 
no) '^■\t.i/t.1S.irn -f V va«ia<« T (ZJ^fliftt N 
};l-:3V^X?a^U■rv^6. ^— *- (Turukor)'??, Proc. 
Katl. Acad. Sci . USA, 7 8. 7 6 84-7 6 8 

8, I 9 8 I i4-^!?:xrgAa;«ljB{S^ffi?!llJ:ov^T®^ 

btV^^So ■fy^y'TVy^H^V (Blunkun Stcin)*3j;tJ' 
^'{'■/^(Kruwinkol) , Eur . J . IimioI . , 1 
7, 1351-1357. 1 9 8 7tt-v>}';^C0nJ35m^ 

'Jf. Naluro. 338. 15 3-155. 1989. h9 
f^— (Traver) Proc. Natl. Acad. Sci .USA, 
8 6. 5 8 9 8-5 9 '2, 1 9 8 9 do.J;U«^^>f-:^ 

(Panchis)^^;. Proc. .Natl. Acad. Sci . USA. 8 
7, 5 1- 9-5 1 1 3. 1 9 9 0#R«c 

[0 0 0 7] 

[0 0 0 8] (1) t^iSE-ra^ttt^a^!^ 

ySr4t)*:f l?>^cv> : (2) ^^feifeSyn^^y >-jtCm 
/JJ'>j'j:< irt) loco^feSc^a:/!) y^F'^fflstfcii-tofc 
< H. «^*3<t:r;!tf:0©d>*< 1 1 1 ocDnj^guiji 

3i/4:-&t?. (1) fcit;^ (2) S:rai:i-'5iC0 
t:: J; o-ctoi!t U#6'>'',t < t ^ 1 o©5%$l4^«*fcf* 

[0 0 0 9] 

©a: :c ^' ^ KBa?iJSr^r-f 5fn«:Sr4;fiK-!|-5 i 



0'>/i < b 1 fti5«rilt«f LTv^5o ::«)mfiett.--i7"9^ K 
5c ::coti'i;<*»if<oi'y^'<7'. f-**?*,. i«A. d. 

fcisfeffl-f 5 n-y y^m<D'¥M\cit-r <y7<.-min t^-h 

ii:*i«=.«(fc4;i^rtTt?H«« b, -t-fiR L-fcU S A 7 9 y 

llfttt V ^7 ;^Eff'i»«aiC*5>t 5 tBNmtfexfJi J; 5 ig ^3 
#IELfc8£»«-4^e>^i^*n, )14iy!?i|--6^?5ja<Z;lMj{!SlE 

[0 0 1 Ol ftW^^S-CW, t bCD««^l3j:TJ««^^fe?S 

fifc^oit 2.4Bi^«aiftx.4:*ij>ij L.iD:^*ht£?-r2>-^ ^ais 
lool ii zhi,<^Mmit. ^<<fmm\zi3\izi^& 

3t<«7 »±S5!fe<*^ 1 4 oJiir*>5„ 5 ' - 3 ' *-[H) 

(VH) . (n) fiH^ISe^-. -o-^v^-cit^S ( J 
H) iBWitCTfciu!^^ (CH) nkmn^-Ssts. ;i 

(Ojt{«7)4^(D:;>:$$l4«Sl2. 5 O Odrnx:-;^(kb) 

dJ; ?)#.ia*nSo 4^)C-!l-'<*«lfiBtf=.fii»ig#:y -^^'^f 
I*S-^5fc«>. VII, D$ii.x^Simt$\f]^(r>3^<0'i< 
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M^/j:DNA-tr^';<:xHl!|*ii£(7:)^^lJVH-D J H-CiSS 

DJIlSr^i'i. BtVII-DJ mim&LXLiX 
rf, ^^Vi^i-f^^bn^frt^tfl^^StlVH-D J HC 

llfafc*J»:t5<K(flriKlI43j;UtlB K t7ti4iB;i6«l©«at4 
i5if)c:J^^w^)^S-nrgB(ci-5, igHh uS^^^gg*^ 

Sfefe^^ (YAC) irn--y<om'±I«lJtnim'tR-f-&i: 

Srff5„ -f:)J:pl.iL.-Ct Mgfl!ISr=i-Ki-5r)NA7 
to 0 1 2] >K?fiM©i«T7-<--7^'-tt«:5r^S5fc«> 

(/^— v>' (Berman) EMBO. J. (1 9 8 8) 
7:7 2 7-7 3 8) , >7:^;^i^i-s/^'?i!?±JJ^b3^ 

NA7-7yp<>-h, /ti;t«||i b|sg{::n%LfclgIhu 
[0 0 131 ftffl&'±l-i3»-J5t Mettfcrodij^ro/t*!:: 

^xmS,tfiXh^, ^>'^-CV'«5t>©|ijA)^Ett:^fej5^rB;/ 
[0014] wWt hDNAtSlif[Lfc?N«iHll«a*fc(* 



3 vSrffli^T1&±^tJj^o:/!; >'W^tyS:tt£ffii>:/ 

DNA*liA1-*fl]|BIi»l**:S:fllv>5, 2o©lRfi^*f^ 
3a(57^*5 itJt^- 2 ow^S-fr.JtC^ 4r-;ttJ' 2 ooiRffliBtu 
7M<^5*>S©-C A.3afe7#.«:«S«-f 5 i t <,-ce 

- 3 J* Jtjvrt/^ e. 'tevv ( > 7 5j'-p< — > 3 

*»lllalr^NASr«A•^•5ft^f^S:,^^tT^^5) , ItllBlffi 
»^i:m^XS£inmKi^Wl(if3Dti Ai:mAU 
ir.«|il»a4r«^ttjR>fitelcJ»Ai-<5 i ir {c J; U -tOjSfc-^^ 

X., ^y-u^f{^oj-m^ifX^y-u^ft^<7>m>h:i^ 

[00 16] h 9 a >-0^-r-s/>^?S:(iSi 

7 ^^p< > h Srtldfttt- 5 r t <c J; 13 d t ijs-ce . 

•tWiliAt hwia(57*tt«if+©<fejSE^<py!;:^f-:/3. 

ffiffl 5 ^ A ae^Jl**^ L b 7 ^-^^ - •> 3 
v«r 2 ln||c|ifi$ w t fc-Ct -tJxt HHUtC'S-ifte^-Ii 
®^ftttfb(::?^» 1 o{ji±©T«tt<iiL/ti&{S7i^«r^r 
i-5-<=-#.rf<*l«<DK#iWilJliii4:fflV>/::Sij05y<7^ .;/7'ifetf ^ ; 

&>SL. fc ^®jt{u7•Ja<«9v^Acfe*±'yyi^l'i^aJ^. 

[0 0 17] ^f£tt{t;rofcft|i-?:Wiafe^ffiW^!S:/n 
7'y V-»>-7'^=S' K0««,«:|iRil:-r6»rt<)it{«7J4S(l*3 

ttk#»iDlH«i::^?:6;-r5) Sfciliituf^Srffl^-arfcfflyc 
•CJSr^), Lfc^or«W>;i:W-f^ttlK*3ilt3R?i|JSfc-i=-1E 
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fcti ;!3!S:&L'«is^^t<1^5ai"S, i©}f Al*5 Obpgi 
/j: < i: 7 5 %, b < »i'>'S < ir t)*^) 9 0 

10 0 181 -7-•*--jt'tK■f•'irfflV^-crcO J^«*E«i 

^ 7j> b 7 V ^ 7 -fef itc 7 «r%^-r 5 o 4 1 8 m. 
F> 5? ^' KT^p ^i-»i-Si^sStt©^i^i*n s v 

[0 0 1 9J y/'iN4'Wv--;«7-ae^-0#ifn(*mji7;^ 
-UfT^r i:d5-c^555^ *flji^;fffl&H 

^j|(«r@?Lytsri*ia<s7iM(o#ittt;iMb. i$Atit-^-r 

;)?2is;A$n-^«^*<^^ife*^i^'2-rs :i i l^i U 
10 0 2 01 tiP)i!in«tx«<5Saiiid^y ^^--t^^^-v 

yr^v'si^ (PCR) Srffiffl-et5.. 



f•i^!45■S*i^^>, \ikht'<o^^. Zinb(^^Wy^v- 

:i-;f^v-i*3J;miiie7-. ^-r^'f^^iSeT. r 
^' /v>.*fc«»«fL®ae7tbil«ro*l'* co^d^Dflifev';'^^- 

-ft-, iOfit^oM. #ttif1i«'0:?n---yi5^. flflPfi 

'mi^^'^^mi^^i- fw^f*?^ i 6<ji!iii^ii«is*@^' w 

•ft-, Jt5»l 0 0kbS:«^'6»^-e»i«*»)l 0 Okbp «rJ8 
;t4HMS'&^-^bwAr.?li&«^ (YAC) 

[0 0 2 11 ;iO#»Sgte«r89JS{L, /j>oll^>'+.#icoffi?') 
DNASrt!!W»lliai-»Ai-5lSi{St!>fe:t/tt*^«ffl^? 

[00221 ±iiiiCD*g5tt*-f K<^»ffl)li4^^cofi^ia^g7■ 
^L-C«*LVN^-C(OJiCi7-)M^'F™i:-rS*-e 
- "co^ B -fe ^ "9 ig -en t I48'J ti. ffmit^S 7- 

«fla-r6t bjSi57-W<.tlttlftt^§5„ ::o<j;0(wLTS 
fli-ii-sft' +.it-E 7-m i la c 1 ^ iic 7)*i* i^ta t , 

h^ttt^p^!Ji^®^>'?'®t55SWiaB)i:fc/i?>. fcfc 
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10 0 2 31 mm»±tm7>yAm}2.^Mair,iis 

<i:h -iUSr^t^t h^tJSjrr7-/y Vir^Bfet 5«g;;?r 
to 0 2 4] 1g±;JSfc h«TgHj3J:Utt hOIgsJiJ; 

[00 261 ^J7•^fe*5^^J««^^f^tt^4^/J^^igE^^ 

H 2 ' . CH 3 ' SytttCH 4 ' *^t4in&®te^^> 
C ;i «5J«(7ja: y via ; i ^11^7 -^^/g^y,: 

«^ ; ftESW^ : T N F 4> if^UlflaS© J; 5 01t/^, 

1tt-Z\-S:WO 8 9/0 7 1 4 2 ;WO 8 9/0 
9 3 4 4*>J:UtWO fi 8/0 3 5 5 9»m. mo^1t 



10 0 2 61 ^'^-:^y^t Mb'tjfiitA'! tfc 

[0 0 2 71 K<E^«|]!a^.^,S|,^^,^/I:^^5y^j^^_^^ 

10 0 2 8] tt|Sliaiii;?.^.7<-f 3 n 

ii^)iattA»::{«ffli-5, wmmm-^h a - 5 egj-f 

tf34JS^llllfe{co^^r•t•©7■tlt•^r;^ y 
[0 0 2 91 i#?L3S«HS;wt 

[0 0 3 01 

(1) '^mm\L^'7i>-<r)m% 

vi>;^mSf|jae^*iJ;Ut8!|^fti^ll5.^tf6. 4kb Ec 
oR I 7 7 y h Srf-;?; / (Sakano) «f , Nature 2 9 
0, 5 6 2-5 6 5, 1 98 licks' S:tt-CV>«:/B - 

rj'SrfflvN-rDai b/c -?!>^E^/A7'ry7y--:«^f,^ 

^tLfc p U C 1 9 5 K (pbD J ) Ji^iiiAtS. 4 
JjtC7«r1^tf2. 9kb77^^^yhS:Xhol-ScaI 
jfi^tl'J:oT^ilc$.1t5 (pmDSJNeo, ^\^m) , 
'^;i"<^ -^T-u- ^ ^ i'^r /p^^ ^ :^—^lge 
7 (HSV-tk) 7"a*-^-*}j:y?;j?);;j._^^y 

^r^tf 1 1 5 ObpXhoI-Bamll I y=7irM/V^p M 
C I Neo;)»«bi|l»1-5 (h-v:^ (Thoiws) fcJ:U«;(;-< 
f- (Capocchi) , CoJi, 5 1, 5 0 3-5 1 2, 198 
7) . •Q-fciryVi'--Sr::®77^P«^hlC#J!iULDum 
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miz^&t ^ 3 kb:Jo «t us 0 . 5 kb 7 7 ^ ^ ^ 1^ "C fo S r. 

10 0 3 11 is*wica[ftsti-cv>^v^ h^-(iyy^ 

(Doetschman) J. Embryol. Exp. Morphol. 8 7 x 2 
7-4 5, 1 9 8 5). lii:S#|IIJ5a*?1Jli 1 4TG 2 a 

(y (Hooper) Nature, 326. 292-2 
9 5. 1 9 8 7) S:««i*^>c J1^7x"/n-/^7:^ Mtl 

4- 1 7 P^tJ:^;tWv'Vf'7>^:^v?-->'^'^^ii^^r 
(7):^>^^j5ZKL/t;'t;5c<DC 5 7 B L/ b 6*(OK7'j^ibS3 
ga-f^ (Gosslor)^. PNAS83. 906 

5- 6 0 6 9. 1 9 8 6). Zi^.hO:>mm}tG A } 

^'A (aoggs)^. Ex.HematoL (NY) 14 9, 988 
-9 9 4. 1 9 8 6lC«ff^tvrv^^. ES»4:Ky 
"/l^ym^.X.. 4x t o'7/Tr> l«ai:>S5<5:5t:^** 

Kr^l/^ ^'='^^■'^^3 150-2 5 0 /4 

5ri:/i5^>ofco 5X 1 O^{0(O--^l^i?' hviTi^l^-v'y 
yLfc»4:l 5%i7iy||&!e[fa^t (FBS) ifott^O. 

2 4^l^^2 0/i g/ml G4 1 S^^i^t^mttm^ 
[0 0 3 2] ^1^^ > P>Kt^— i/sj y^^b 1 0 — 1 4 P 

^iciT^ E s =3 p ^-'^^^r-Y - tf^?/ ^-e®v^ 

'<r^ h^<r^ iyymmili^mmi:^nLftl 4'J<:fU-^h 

3-4fl*|(7>-/-/P^fr^i:^ftfc<3')^5^=Sr«^J 
0. 5ml PBS^rl^ti'^i/^VKyV^f-^-ty^i^^ 

ix^to:)*frl*3E*W(^^^^ (KinOtJJ:!/;^^^/-- (Smit 

hies) X Nucleic Acids Kes , 16. 8 8 8 7-8 8 9 
3. 1 9 8 8{C«^^lxrV^5« -<i^yhitm. ES 

W^5m i cohbsic®«JL. fr^r^-:/(^:5 5M l 

iinfi-f 5r2:ic<J:i9r)Nase *r*?£i5-^5c 5 5'C-e3 
0^>lfH:;^'p-7-fV'^— i^K'X^ALLaL^^. #^ft¥«53 0 
ju I ^PCR>^^:y7r (^-'/^^^^^ 1 ^ 5m 3U 



MCDdNTP) $:'St?2 0M i (DR(&Wi'k¥^i:'^t^'^ ^ 
-'Az1»i\ PCRieffift9 2'C. 6 5#(0;^;VT-^ V 

o^mo:ir=^-')y^^^x^i^R^^^i^T 
^„:ti^-r^'7-^rfflv^r 5 sf-'^^^yi-ff 5« 2000:7^ 

9^-^_;^y rf.^ ^ 1^;^^;^ K ; TGOCGGACCOCTATCCCCCACC 
AC ^oJ:mAGCCTGGGTCCCTCCTTACS:fflV^^o :ihb\±^ 

^^^t-^-fi/y&Wif'omifti^^ vy(^y^ oi*iL« 

coffi«t*5 J:t>*lf A^flS^ftco 3 ' ttl 1 1 0 0&l}^(Dt^ 

fc ^ V r> £^i£fe-f i^rr^-r ^ ia?^'J t x v ^ » 
2 0 M 1 (omU'^tmr^u-:^^/^^^n.%u<.W) b-t 

10 0 3 3] [mikm2] ESmi^^oy''-^ry>^]g^m] 

(1) ^ff^mt^^^-<^Mm 

R al b / c V i7 ;^ E>/ y 7 -f :/ V !J b if t3 - 
LpUC!8 (pJH) {CJ^AL:^^ V!>;<jft^^/u:/ 
!Jym«J«^JfiS1STl3J:i)5|??1SHB?'J«:'5ti'6. ikb 

EcoR I 7 7^7* V htXhoIi^J:t/Nae I -^mitLA 
<l*lc?:>J}t^^«rfrtJ'«^l2. 3kbi7):7y^;^>'f«r^^^^? 

•^fc (1^2 (A) ^W) o BamH ^ 
/W<;<. ^ 7i ^ =*^-^-'^^^T 

(IISV-l k) '/P^-^-4u^<tt/>Ky :?h--'^:i^y^^ 

yf-^fit^i^ » . I ^t)p xho 1 -BamH \ y y ^ ?^ y 

V^pMClNootl^h^mLft {h-^^:=^ (Thomas) J5 
J:iC;t;^x:cf (Capccchi) . Coli. 51. 50 3-51 
2. 1 9 8 7) o w(7^:77^;^>'h*XhoI-Nael}^C 
^{bp J H(rf*AL^?Stlift:-<^ ^-*rdi/?feL->^ (pmH 

6 J. H2 (B) m\) o rtit^-^:?^-^^'>'>'^^^^s 

s mmo h 7 y a: ^ 3 y Wi- Nde I ?H{b'C«SJK^t: 

Lit. ffii^mtfexLVft^iiir'rBa^i*^*^^^^^^^^^ 

iSe7'<^5 '*5J:t>-3 'fHt|l^:i^-St^*^2. 8kbp t3J: 

Xj^j^jl. Ikbp 7^^^yh'^*^^« 
[0 0 3 4] (2) ES»f7;>*«. 3iU;J^hP?Ky- 

ES«3^^JE 1 4TC 2 a (="7-- (Kollcr) Ir^^Xf 
:K^y-:^ (Smithies) 1 9 8 9. PNAS. USA. 

8 6. 8 9 3 2-8 9 3 5) ^«^^t^-CV^^:^8x-e-^ 

4 v^^i^yc^ns&y^'f^':fy^ vxnuimist 

l^^Lft {^y- (Roller) ^:iX.XJ'7.X^y-'X (Smithi 
es) 19 8 9. PNAS. USA. 8 6. 8 9 3 2-8 

9 3 5) „ \Lsmmv')-^''y'y9mu 2x1 o^/ 

m KOffiS-eHBSz-^^/Vr (pH7. 0 5. 1 3 7 m.M 
KuCl. 'SmM KCl . 2 mM CaC12 . 0. 7 mM Nu2 
HP04. 2 ImMHRPKS pH7. l) trWUT 
t^hs i»4XMt;L/t:^f£W^.<b^i>^-5 0/ig/ml|^/i^ 
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>li 2 4 0 V, 5 0 0^ F«ft*«:T, /V KC? 

-^^wm (DMEM) Sr^tn0 0mp/"l.^hrtOv 
2 0 0^g/ml G4 \ (iirf>;tfmtmL/t. 

m 1 « P B S Sr^t:-^ K/l^^., I^,;;^ 5 
a-l'^- (Joyner) ^ (Mature, 3 0 8, 15 3-15 
5> 1 989) lCJ:or»^$tl«:;^ftTPCR^><)fffi 

Tag Jls' y ^ y * 2 0 0 M -M d N T P a^iiilt 
TV ^5, PCRJe«tt9 4«Cl5>|S)®p«/W^^:.>/ 6 

^) 4r/tJV^4 51^-f^/^^J•ofc. 20©:/7^'v>-;J-y 
"^^^ "^^^ KfOffijillliACGGTATCGCCGCTCCCGAT *3J:15A 
GTCACTGTAAAfiACTTCGGfiTA r&O, rnt>H:;};;j-,'^ -> 

f^fc5Eani:i3 J;ViPASBf5c® ■J'mmiB 0^<oi: - 

ffilH)ffift^;}ifilr5ti((f)l. 4kbp (Oyy^/ 

> i-^^.^ti,. 2 0 M i ogftffi^^^s; 1 %rifu^ 

Pstl77^^^h-C^ofc<pi2#|ig) „ 
^:/K*rl%r;Vr.--5<y/i.T^^SILfc„ r©DNA4r 

[0 0 3 5] (3) G4 1 8»^4IiS=la=-0^>«f 

vH.«: =. n -O P C R5>#fT 1 3 
6fl4|WG4 I 8HlWtt=n=-irft$-f5 3 4j|i|»y- 

» h,^:*: 1 5 o 1 . 4 kbp) © i ocDrjfi; 

^ ^ P C K * tiyS:. i <r)it.i>^ ^ -^f 

• VWI^ISF^-I-^ 4 fSWa ti s.- -i^^ p CRV^ifT L, 

i.'-r 7'^' n R S 3 3 n 5 SrW)fe Lit.. fS2 <H% 
«T^^e>^^ft:5 4 01BC0G4 1 8j»j1:=n=.-®i>W-c 
$ 4 flS©;}f iJ^ ^' -/^ n -yiUm^tilt (E S 4 



»-K RS6 l-K ES65-I, RS I I 0- 

O 0 

I0036J He(ji1-5jJtfe^«,^^j^t.. 
^ir^) . PCK^i;x^^^„_^.^^^^^ 
EeoRI.p8tI-/p..-/4,fl,V,^^^^^^ 

10 0 3 7J mm^\ZXT^:^:i-^^.^:.^^j.^^ 

WJ-#rni-5 2ocOHind Ill^liStoWtff^tfCJ: 9 
«<2TaS{rS,5«?iti/i77^p»i.hJ;r,iitl5l. 9kbp 
fiV^EcoRl-Pstl7'n-:/-C|ife|ijL#5IIind nr 

(^ilaJW^^-O^^^^^K (W7 6 0bp) Tj, t5 
2. 3kbp) TfcS;4^PCR:^<i77^^.-/>5'^-->^o^»<5• 
l-J;oTJ{l|^$$ti5-y-^X (*t,4. 2kbp)(7)fcC0-pfo 

iaimi^ffi^*mji^t J: 5 J ikn-FoJi^rt-^^ vis 
^^^^coK i-Pst 1 ^n-yTMaiW<ev7^^^h 

ommzi, (PI 2 (c) i^i) . sacumkicj:^ 
lott□rt(,©;;f^ija{27.co:^>t5i^5^,.^_^^-^^ 

5«*)4. okbp <;i77^^/>K, feJ:i7l^it'$KA:^B 

W:/yy^'if^->a>ttHind lll*3J:0?SacU^fk 
*^?>4^-fS^^^4. 2kbpt5J;ut3. 4kbp©:/7^'>< 

p'y i?'^ Xf 5 r t &w<t„ 
10 0 3 81 [ii^ifa^>^3] V!>^lcj3,t*^^^^g 

v!?^(ii;Y^y>'5;jf7Sy-x (yww^^-^ M 

E) i^hmALIt, B^3. 5:r(7JC6 7DL/6if;« 
lta»i=7- (Roller) 198 9 (itf) irfH^titi, 

TV ^5;^a5■cia«& 4 ~ 5 :r ©#9psi5s<k Lfc ^ ^ e> A 
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Ko^MHa Sr'&t^M 2 15 0^1 0?ffiffllcSfsAU L 

mm\^ft:t^t^mhmmmLftc 5 7 b l/6 x d 

DA F ii7)^-f^'S\z.^Litu ?+.AU/tiflT^«liarti;Rc^;-f 

9^^'l|ESto)ia;^^''lE 1 4TG2 aftl 2 9/D/a 

E S»«ayR^[iR s 4 1 - 1 4r*l-a!-</i: J: 5 l-C 

t,(7)6ffigflr^i4c0&C0:=3f^9'|4^Srfl'Lrivyt: (70'-9 
0%) o ^ffitt{t;ES«4r?4-:At7tF>M4:WL:fc 
/ X s *c7; ;^ i7 rr^iS;6^ W L fc D N A c7:> p c R 5> 

w ^7T^ bjto 
[00 3 9] (2) RS*0Kai^*5*t5^e7;^ T g;?;^//^ 

8!|JKfiB?'I*-^t?5. 6kbIIind III-Batnll I :7 v 

-VfbL. pBluo script S K^^ ^-iwj^ ALT 
-7:^5: KpK J ^^^L/^ic pKJ^Ilind Ill^ajzt; 

b^^^^ityt (|Kl3#lf5) « ;(;:y''MWfi-^^-rs 
Hind amitCD 5 W?a«t«r^tf 5 7 ObpTm^fflHi 
nd Ill^^i/^ty V4rPCRJC^9 vr>^y/>DNA 
^^P>^^n-;/>(t:L.yto Ca^P'^^/pt >' hSrHlnd III- 
Smal ^Bfkttp 1 c^n-::i>^</^^^-|rl^AL 
(-T-i/^ (Marsh) 'fs 1 9 8 4. Gone, 3 2, 4 8 1 
-4 8 5) , Kpn T -Xho ( -CWrLfc. RamH T SfSffi 

'g^^'&t?^ I . Ikb Xhol-BamH 1 yy^/^V 
jfepMC 1 Neo/j^^^P8L^^ (b-v;^ (Tliomas) 
XJ^:tJ^^ (Capecchi) ^ 1 9 8 7, ^Mi) . ^:^^-f 
V7 7 y h ^Ilind III-Psl I iKik^t p K J 1::^$ 

AU WJf7:> 5 ' Pst t Spf£r$r^Wt:L 

CO 5 7 ObpKpnI-XhoI;^^y^^7y^^^/h=£rKpnI 



-Xhol«»fL'^^^^-i?>t>*^-<v->lSfei^t?:»5 ' 
WUctfALT^ffiWb^^^- (pmK6 J. tela#[fi) 

/<«li&e^<7>*5V;?;i«jii|ul D-cfo5n E s«-^a:) b 7 
>^;^-7:n^ Va yflffl-rcoy^:^ 5: K^ApaL i -r^m^ 

8kbt5J:U^5 7 0bpc7;E?iJSr^rLrv^5. 

[0 0 4 0] (3) G 4 1 8i[tt.KS:=ina:i— CO:^>tff 

/^le G 4 1 8WW^ES=in^-§r2otD:/^-^ ^ y^/^ 
1; ^ K : CGGTTGCTGTTGTATCCATAACTC:^^ J:WA 

TCAGAGCAGCCGATTGTCTG 4:^13 V^;^ P C R {;:: J; 19 |'DW«a^;t 

ifiitt(^5 ' 7bpcoi:C5l<::fe^'^^:^;^^y^^^iS 

SPffi(0 3 'ffi!l3 7 Obpc?:)2r^^Jic:&^.6\!^y'fl^c:^iSU'Cv^ 
5c t?AW<*<^ 5 ' mm 1 Obp<7){^fi/j^?5i&^5^ ^ P 

;^|Ci:l9if<^l 0 3 Obp'/^i/^^bTi^^^'ir^o 6 5 Ofla 
(DG4 1 aR'W^.iin^— C0PCR5>WT3fi<7)7Kv^7"^ 
^npn— (ES56-1, ES69-4. ES147 

:J<5tt5t b T gco£US£ 
(1) 4^1: hy:y^i/s::^yi!^'<!'y:^Dt<A^^i^-\Z 

h b mi^VII 6 -D- J -Cm-C 5 ^Sc^r'&tpSpe I 
»ffr (^^-^V (Berman) EMBO J. (198 

8) 7. 7 2 7-7 3 8. I^4#R«) ^^^—^y (Borm 
an) ^ (EMBO J. (1 9 8 8) 7. 7 2 7-7 3 

8) |r^or«1*;■^t^;-CV^5DNA:/^-:/^^:fflv^^- 

;^bcDAX^&fls: (YAC) (/W^ (Burke) 

Soionoo ,2 3 6. 8 0 6-8 1 2) \C^n--yit 
Ufct b'7-f y-^^bWb/^^o 3(^^)1 0 0kbt>i8i 
f:>tv:5 locD^n-^^TJ'i^^^btb'/^o r<DWU/::YAC 

—TV (Berman) KiE) Srffl 7 -^^ -/W K 
yv'UmSlWcilj (^^/W^/ (Burke)^, -^y^y:^^/ 
4y (Brownstein) Science , 2 4 4. 1 3 4 8- 
13 5 1) T?*KtyS:„ 

[0 0 4 2] (2) II^-^(^YAC^^n-->'(7y^A 

p6^c?)YAc^^tp^-^ b*fflfla^^fbr;«fa";<K'twfr 

*tu5r«:»7-ftDNASrSig3S!tfc (-f^irJp't^lgHitCT 
l^rfi J^o^fet::^^ u?^ Sp« I 7 ^ b *-&t? y a 
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^!^'^T:»n^Z^A';fy^^Y j^^Qy^^ }f$:^>) tULt-' 

I0 0 4 3J -■^-fi^o^>'i^:^yyya><OimmtL 
YAC UNAttl£SjRillia:.r-^ ^^^^ 

* u i, ,r„c, naij.Acad, Sci. US 

A, 8 6. 58 98-5 902. X^^;;^ (Pachni.s) 
1 9 9 0. ibid « 7. 5 1 0 9-5 1 1 a) , * 

gH YACSrt^tf^-^f^«^h9y;^j„_^L. * 
PMClNeottttPi(SHtt;i(CJ:oTlKlI YAC® 

^, 1 98 9. /■<^=^(l'achnis) 1 990) , ;i|t 
«<0t M8llffi?D«r^t?G4 1 SiHttESiSniiatfflVNT 

(1) t MR«a»'<^'^'-w|si6 

-^^e.lii«tLfct NVH6-D-J-CM-C6fi«^H 
««r-&t?</yADNA®SpeI 1 0 Okbp 

fiiE?«Ji UTtt. -,'i;;<c « -C «Sai<^ i okbp Bam 
H 1 :^7^'p(>N43J;t)«v-?;^S:^5r'4!ftiJ(7)J 5 5 8V 
K^)6 'ffi(^i^4r^t?5 ' J 5 6 Siist Vftl^^l 
W^^^-na 'fflts (P5!14) „ -tif, 
<^'V!>;^SE?li»4^>^>$'*- (•ruek9r)«p, PNAS US 
A. 78. 76 84-76 8 8, 1 9 8 1 *JJ;Uf^7 ^ 
^/■^T.^^ >'(B1nnken.stein)tJj;Ut^ 7 !> >C V^/P(Kra 
winekel) (1 98 7. ±3$) liftgJJvCV^Sya-p' 

(Hsv-tk) >'o*-^'-*^J;^J!>J^y;^--va:v/^ 

5 ObpXho i -BamH I V 7^^^ httpMC 1 NeoiO^ 
e>^ftS1-6 (37--(Koller)*5j;U!:^ 5i'--X(Siiiithie 
s)s I 9 8 9. ±i$) . ^I$.7{rzf9-it^0iyy^:^ 

>HcmDLTXliol*Ci£rBamHl*iai|r*JftU ^ 
*1'S:7'7;^$ h*f«DainIIIvr>;i^Ct-Co|caite1- 



[0 0 4 51 t^fi«US^«7•M«&^tfyAC^D->^^ 
?)ffiA«(©4J.*Ja©DNAK3^IS:>fv/>---;^PCR (v 
/WWvy(Silvern«n) PNAS. 8 6. 74 8 5 
-7 4 8 9, 1 98 9) tti.\tmmcmZ,^^ 
Kl^^dp^- ^.^ 1 9 8 7. ;tr/l.if 

(Carza)4f , Science . 246. 641-6 46, 19 
8 9 ; V U-/<^(Trayer)4$ 19 8 9) (C± ^HlDi-f 5 

(EI4#(1«) , YAC(^6' V65|ejfi!ti|*©m«tfct 
SE^?iJ$r7*7>; ; Krti©^rt>^ j 5 5 mmmiHL 

YAC03 - C«*i»tfj;};ot {.4.^1,4. ^jg^^ 
Neo3oJ:U!v5r;^Ct-C«^1^tf^9;^5 K+(DNeo 

hiSlXnrfiB-/-*- (HIS3) . tvbp^r (CE 
N) *JJ:r5iti-09'a^T (TEL) ^1^tf^^~7YA 

k ^ C i -Neo-'^ C f -Cct *jdlJ(7M -X ).]^^ 

0^^'-7YAC-^^<^r^,^,;.y^^,_^^^^^ 

V6DNA4r^t^/^--7YAC'<^!'^--S:i»#^y(:L. i 
tv*ffl^^T^fc6«:H I S3fcJ;i;tLRL-3it&^ffi*^«: 

6 DNAi!E5Il|B]-e<g^|Hji^;^^ie^ LJJt^^Y^^,^^ 
ASr^tfxwyYAC-t^r^^Srifil^JffbL. i^lS^>tJV^ 

YAC4rfrtf.r->^h«*#5 (04) , rOYAC^ 
^-te-CESiNllsaC^AI-S, 

[0046] hiSciftft^tcffivv :ftg?^iiicj:t,i,5Ki^ 
( 0 0 4 7 ] r o B^jia* s ii<j wt5t*K-^iii|!;t«»(r^MV 
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